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Abstract 

A sample of 1.25 x 10^ (j) decays, collected with the KLOE detector at the Frascati 
(/>-factory DA$NE at center of mass energy ~ M^, has been used to study the 
radiative decay cj) rjir^'y. This decay is dominated hy (j) ^ oq (980)7- Two decay 
chains, corresponding to r/ ^ 77 and rj — > tt^tt'tt^ , have been selected. We found 
respectively: Br{(t) rjir^-f) = (6.92 ± O.Wstat. ± 0-20syst.) x 10"^ and (7.19 ± 
0.17 Stat, i 0.24:syst.) X 10~^. The rjir^ invariant mass distributions have been fitted 
to obtain the relevant ao(980) parameters. 

Key words: e~^e~ collisions, cj) radiative decays. Scalar mesons 



1 Introduction 

The scalar isovector meson ao(980), as well as the isoscalar /o(980), is not 
easily interpreted as an ordinary qq meson belonging to the ^Pq nonet. Alter- 
native hypotheses have been proposed: qqqq states[l], KK bound states[2], or 
dynamically generated resonances [3]. 

The radiative decay — > ?77r°7 is dominated by the exchange of the ao(980) 
in the intermediate state (0 — > ao7 with oq — > ?7vr'^); the contribution of the 
interfering process — » p^vr*^ is small due to the small p° — ^ 777 coupling. 
According to the possible different structures, the branching ratio of — > ao7 
can vary from 10~^ in the qq or KK case to 10""^ in the qqqq hypothesis. The 
mass shape is also expected to depend on the meson structure. The process 
has been observed and measured by SND[4] and CMD-2[5] at VEPP-2M and 
by KLOE [6] during its first period of data taking with limited statistics. 
In this paper we present preliminary results of the analysis of the decay 
— > ?77r°7 performed with the KLOE detector, operated at the Frascati 0- 
factory DA$NE[11], using a sample of 414 pb"^ of the 2001-2002 data taking, 
corresponding to 1.25 x 10^ produced, about a factor 20 more in statis- 
tics with respect to the previous result [6]. The decay chains corresponding to 
?7 — > 77 and r] — >■ tt^ti'tt^ have been selected to extract the branching ratio; 
the former is characterized by a higher branching ratio and large background, 
the latter has lower branching ratio but a smaller background contamination. 
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The two invariant mass spectra have then been used to evaluate the relevant 
Oq parameters (mass and couplings) through a combined fit. 



2 The KLOE detector 

The KLOE detector consists of a large cylindrical drift chamber [7], surrounded 
by a lead/scintillating-fiber sampling calorimeter [8], both immersed in a solenoi- 
dal magnetic field of 0.52 T with the axis parallel to the beams. Two small 
calorimeters [9] are wrapped around the quadrupoles of the low-/? insertion to 
complete the detector hermeticity. 

The drift chamber provides a measurement of charged tracks momentum with 
a resolution of 6p±/p±=0.4:%, and of decay vertices with an accuracy of 3 
mm. 

The calorimeter covers 98% of the total solid angle and provides measure- 
ments of energy, time and position of photons with accuracies of (Te/E = 

0.057/^E (GeV) and at = 57 ps/y'^^^GeV) © 50 ps, respectively. A photon 
is defined as a cluster of energy deposits in the calorimeter not associated to 
a charged particle. 

The trigger [10] uses information from both the calorimeter and the drift cham- 
ber. The calorimeter trigger requires two local energy deposits. 



3 — > ?77r°7 with 77 — > 77 

Events from this decay chain are characterized by five prompt photons in the 
final state, without any charged track in the drift chamber. A prompt photon 
is defined as a calorimeter cluster satisfying the condition \t — r/c\ < 5at{E), 
where r is the distance of the impact point on the calorimeter from the beam 
interaction point, t is the arrival time, c is the speed of light. 
The main background processes are: 

(1) 7r°7r°7, dominated by ^ /07 

(2) e"'"e" ujTi^ with uj 7r°7 

(3) (j) ^ rj'-f with 7] TT^TT^TT^ 

(4) (j) ^ rj'-f with ?7 ^ 77 

Events from process (3) can be wrongly reconstructed as five photon ones due 
to cluster merging or loss, while events from process 4 can mimic the signal 
due to photon splittings or to accidental clusters in the calorimeter. The back- 
ground reduction proceeds through the following steps: (i) a. kinematic fit on 
the events is performed, with the constraints of the 4-momentum conservation 
and \t — r/c\ = for each prompt photon; (ii) the best photon pairing to 7r°'s 
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and r^'s is searched for in the signal and background hypotheses; and then (in) 
a second kinematic fit is apphed by imposing also the constraints of the masses 
of the intermediate particles. The of these fits and other kinematical vari- 
ables are used to cut the background events. The overall selection efficiency 
is 39%. The background has been evaluated on control samples dominated by 
the different background processes. By comparing the data with the Monte 
Carlo (MC) simulation of the experiment, the amount of each background, to 
be subtracted from the final sample, has been obtained(see fig.l, left). 
The selected sample consists of 29601 events; the total background amounts 




Fig. 1. Left: M,^^o distribution before background subtraction; dots are data, and 
coloured histograms are the background contributions evaluated by MC (black: 
(/) — > 777 with T] — > 77, blue: 4> — > ??7 with rj 3tt^, green: e~^e~ —>■ wtt", 
Ted:<p /o7)- Right: polar angle distribution of the recoil photon after the back- 
ground subtraction. 

to 16332±86 events, from which we extract the signal events to be 13269±192. 
The Br is obtained by normalizing the signal counts to the number of 777 
with rj 7r°7r°7r° events selected in the same analyzed sample. We get: 

Br{<l) ^ r/7r°7) = (6.92 ± 0.10,^,^. ± 0.20,,,O x 10"^ (1) 



where the first uncertainty is statistical and contains also the background 
subtraction contribution, while the second one is systematic and is mainly due 
to the error on Br{(l) — > 777), used in the normalization, and to the selection 
cuts. 

In fig.l, right the distribution of the polar angle of the recoil photon [i.e. the 
non associated one) after background subtraction is also shown. The 1 + cos'^Q 
angular dependence, as expected for the radiative decay of the into a scalar 
particle, is found. 
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4 — * rjTT^'y with rj vt+tt 7r° 

Events from this decay cliain are cliaracterized by two tracks coming from the 
interaction region and five prompt photons. They are selected by requiring 
two tracks in the drift chamber coming from a vertex close to the beam inter- 
action point and five prompt photons, according to the definition given above. 
There are no other relevant processes with exactly the same final state, the 
background comes mainly from: 

• e^e^ — s> uJir^ with uj — >■ tt^tt^tt^ if one additional neutral cluster is given by 
the background or if one of the photons splits in two clusters; 

• — i> KsKl with prompt decay either in 37r° if Ks — ^ vr+vr" (2 tracks 
and 6 photons), or in 7r+7r~7r'^, ttIu if Ks tt^ti^ (2 tracks and 6 or 4 
photons): these two processes can mimic the signal either if one photon is 
lost or if an additional accidental cluster is identified as a photon. 

The background reduction is based on kinematic fitting using as constraints 
the 4-momentum conservation and the vr*^ and rj invariant masses. The over- 
all efficiency for the signal is close to 20%, while the residual background 
is reduced down to approximately 15% of the signal. The latter is evaluated 
comparing data with MC for control samples dominated by the different back- 
ground components. At the end 4180 events are selected out of which we 
estimate a background contamination of 542 ± 57 events. 

In fig. 2 the rjn^ raw mass spectrum of the selected events is compared to the 
same distribution for the estimated background. 

After normalizing to ^ 777 with rj n^Tr^Tr^ events (see above) we get the 
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Fig. 2. rjTT^ raw mass spectrum of the selected events (open circles) compared to the 
estimated background (histogram) to be subtracted. 
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branching ratio: 

Br{<p ^ r/A) = (7.19 ± 0.17,^,^. ± OM,y,t.) x 10"^ (2) 

where the statistical error includes the background subtraction while the the 
systematic error is mainly due to the normalization procedure and to the ef- 
ficiency evaluation. 

Branching ratios (1) and (2) are independently measured apart from the com- 
mon normalization. In order to compare the two measurements, we recompute 
the error taking away systematics due to common sources. We obtain the val- 
ues: 

Br{(f) r/7r°7) = (6.92 ± 0.17) x 10"^ (r/ 77) 
£r(0 ^ r/7r°7) = (7.19 ± 0.24) x 10"^ (r/ ^ 7r+7r-7r°) 

that are in good agreement. 



5 Fit of the invariant mass distribution 

In order to extract the relevant parameters of the ao(980) from the spectra of 
fig.l and fig. 2, we exploited two different models to parametrize the — > 7771^7 
amplitude: 

• the "Kaon loop" (KL) model [12] in which the coupling of the to the scalar 
mesons occurs through the formation of a charged kaon loop; 

• the "No structure" (NS) model[13], in which a point-like coupling of the 
to ao7 is considered, and the scalar amplitude is parametrized as a Breit- 
Wigner, interfering with a polynomial background. 

A combined fit of the two spectra with the same parameters has been per- 
formed. In the KL case the free parameters are: the mass of the Oq, the cou- 
plings QaoK+K- and gaoriwO, the branching ratio of — p^n^ — * rjn'^'j and a 
phase 6 between the scalar and the vector amplitudes. Another free parame- 
ter is the relative normalization between the two decay channels, i.e. the ratio 
Br{'r] — > 'j'j)/Br{ri —>■ ir'^ii'ir^). The result of the fit is shown in fig.3 while 
the parameters are listed in tab.l. 

The number of free parameters of the NS model is larger: in addition to the 
same parameters of the KL fit, there are also the g<j,ao-y coupling and two com- 
plex parameters for the polynomial background. In order to reduce them, the 
ao mass has been fixed to 983 MeV, while the — > /?7r° contribution has been 
set to the value calculated in ref.[13]. The results are plotted in fig. 4 and the 
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Fig. 4. Combined fit for NS model. Black points: data; solid line: fit result. 

parameters values are reported in tab.l. In both fits the relative normalization 
turns out to be in agreement, within the quoted errors, with the world average 
value (1.73± 0.03 from PDG[14]). 



6 Conclusions 



In a sample of 414 pb~^ of data we have measured the branching ratio of 
(f) rjn^'-f selecting two different final states, corresponding to ?7 ^ 77 and 
7] 7r+7r^7r°. The two branching ratio values agree within the uncertainties. 
From the combined fit of the rjTr'^ invariant mass distributions, we obtain the 
values of the relevant parameters of the ao(980). Large value of QaoK+K- and 
have been found, suggesting a sizeable content of strange quark in the 
ao(980). 
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Table 1 



Fit results (systematics on the parameters are not included). 





KL 


NS 


Ma, (MeV) 


983 ± 1 


983 (fixed) 


9aoK+K- (GeV) 


2.16 ± 0.04 


1.57 ± 0.13 


9aovn0 (GeV) 


2.8 ± 0.1 


2.2 ± 0.1 


g4>ao-y (GeV-^) 


— 


1.61 ± 0.05 


5n 


222 ± 12 


— 


Br{(t> p-K^ ??7r°7) x 10^ 


0.9 ± 0.4 


4.1 (fixed) 


Br{ri — > 77)/i3r(?7 — > 7r"''7r~7r'') 


1.69 ± 0.04 


1.69 ± 0.04 


x' 


156.6 


146.8 


ndf 


136 


134 


P{x\ndf) 


11% 


21% 
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